Pressure vessels are the heart of plants and oil refineries stations. In many engineering applications such vessels can be subjected to periodic loading either internally due to the charging and discharging process or externally due to the excitation from other nearby components such as pumps, compressors or from seismic. So that in spite of a good design according static assumption it may be critical in dynamics. In this work a horizontal pressure vessel with accessories subjected to liquefied petroleum gas pressure LPG is considered. Three models of different head types are investigated herein namely; Deep torispherical, Elliptical 2:1 and Hemispherical. The design and material selections are chosen as per ASME. For practical service many accessories are attached to the vessel such as manhole, supports, inlet and outlet opining. Finite Element method via ANSYS R18.2 is introduced for the numerical analysis. The fatigue life in case of fully reversed cyclic loading are estimated and located. Vibration characteristics such as mode shapes and natural frequencies for the lowest five modes are evaluated and compared. It is found that the fatigue life can be increased as higher as 180% for hemi-spherical head as compared with deep torispherical head pressure vessel and the lowest four natural frequencies are nearly identical for all models, however significant change observed in the fifth natural frequency.
Introduction
Pressure vessel are the core components in many plants and oil refineries plants. These vessels can be classified in different manners according to shape, supporting type, operation, materials and function. In this regards the pressure vessel can be classified as spherical or cylindrical, vertical or horizontal, low, moderate or high pressure, gas, LPG or liquid, above or submerge, on ground, on truck or on ship and so on. The wide verity of classifications reflect the wide practical applications of these vessels. ASME codes are the most practical criteria used for designing and testing of pressure vessels and its accessories. Due to the variety in pressure vessels which are ranged from nuclear vessels to fuel tanks. ASME codes prefers three divisions to include all these types. Division I for low pressure, division II for moderate pressure and division III for high pressure (greater than 10,000 psi). Many researchers investigated the behavior of pressure vessels. In this regard B.S.Thakkar, 2S.A.Thakkar (2013) [1] investigated the high pressure rise in the pressure vessel. Hydrostatic tests were carried out to test the vessel at different pressures. ASME criteria was employed to design and manufacture the pressure vessel.
Niyamat, M., & Bicha, K. (2015) [2]
considered two types of stresses, due to the effect of the internal pressure and thermal stress due to loading when handling a hot fluid. In this paper the stresses are calculated using ANSYS with coupled field analysis for thermo-mechanical loading. The results are compared with analytical solution. They concluded that; analytical solutions such as ASME and Japanese Code give empirical relationships to calculate thermal stress. And using of FEA technique is very popular in pressure vessel design. Manish M. et al 2013 [3] studied the effect of stresses at the opening in the pressure vessel assuming round shape. Aluminum alloy is used for construction the vessel wall under the effect of internal pressure. Finite element method is used for analyzing stresses. A comparison between experiments and numerical analysis were made under the effects of many parameters related to the operation conditions. Dhanaraj, A., and Mallikarjuna, M. V. (2015) [4] investigated the effect of static loading on the behavior of pressure vessel. Finite element analysis via ANSYSI program is used for the numerical analysis. The main objectives of this work is to investigate the effect of fluctuating load. Manufacturing methods for industries applications were suggested to suit different requirements in service. Kumar, V., & Kumar, P. (2014) [5] studied the effect of material properties such as safety factor for tensile and yield strength on the vessel design and operation. ASME section VIII is employed in design and testing, PV ELITE software is used in the theoretical analysis of horizontal pressure vessel containing opening and saddle supports The main factors investigated in this research are ; effect of internal and external pressure, geometry and weight, nozzle and saddle design.
Dubal, S. V., et al. (2014) [6]
investigated the effect of high pressure in pressure vessel according to ASME codes namely; division 1 and division 2, section VIII, the effect of stresses were investigated on the design to maintain safe design and operation conditions Narale, P., and Kachare, P. S. (2012) [7] studies the effect of the opening size especially for large opening such as manhole for pressure vessels. ASME Sec. VIII Division 1 was followed in this study. Finite element analysis is used to evaluate the stresses developed at the vessel wall and opening. The stress analysis is performed by ANSYS software. In this work a large exhaust opening located near to the filter sheet are considered. The effect of stresses in the large opening are treated as per ASME to validate the design Sankara et al. [15] considered a cylindrical pressure vessel with nozzle connection according to thin shell stress analysis. The analysis is perfumed numerically by using FE method, In order to validate the analysis the obtained results are compared with other models founded in the literature. It is concluded that; the results for the stresses in the vessels with moderate to large diameter nozzles are larger as compared with that for vessels having small diameter nozzles which is suggested in the research.
As it can be seen from the above review that Finite Element (FM) method is the best suit the analysis of pressure vessels due the complexity of geometry and variety in materials for the attached accessories.
In ASME codes there is no recommendation about choosing of the head type. This is left as an optional to the designer. The main objectives of the present paper is to investigate the effect of using of three head types available for pressure vessels which are; Deep torispherical, Elliptical 2:1 and Hemispherical on fatigue and vibration. Three models are prepared and designed according to ASME codes and analyzed using FE method. Figure 1 shows the geometry, dimension, service accessories and supporting of the horizontal pressure vessel model used in the present analysis. Three different types of head ends are suggested and are shown in fig. 2 . So that three models (1, 2 and 3) are treated according to the head type which are presented in table 1. Table 2 summarize the main dimensions, operation parameters and materials for the models, Table 3 display the main accessories used in vessel  service and table 4 gives the material properties. The required thicknesses for the cylindrical shell and the three head types are calculated according to ASME Div VIII Sec.1(UG-27) codes as given in table 5. [16] According to the design data given in tables 2 and 4, the calculated thicknesses of the three models are collected in table 6. The other parameters such as flanges, opining reinforcing areas, nozzles and saddle supports are calculated by using COMPRESS software. However the basic methods of calculations are given in the appendix.
2.Design Considerations

Finite Element Analysis
Generally speaking it is difficult to derive a theoretical model to analysis the dynamical behavior for such complicated shape like pressure vessels with accessories and attaching components such as manhole, inlet and outlet supply, gauges, piping, supporting. Finite element method is the best way to analyze such structure by proper choosing of the building block elements and optimum meshing.
First of all, 3D solid models was created by using Solid Work 18. The dimensions of the three models are as per ASME. Hence three separated models were built to accomplish the three head types. Fig. 3 shows an example of solid model for Tori spherical head model. The main loding and boundary conditions are as the follow; the vessel is bulit in at the supports base in which all motions and rotations in three diretions (x,y and z) are set to zero. The loading is due to the internal pressure which is fluctuated from +18.0 to -18.0 kg/cm 3 . In order to analyzing fatigue a static analysis of stresses according Von Misses criteria is employed. For fatigue analysis the main concern are with fatigue life and fatigue failure location. In order to analyze fatigue it is assumed that the vessel can be subjected to fluctuating pressure due to the charging and discharging periods. The loading is assumed of constant amplitude with completely reversed cycle around zero mean as shown in figure 6-a. Figure 6 -b shows the fatigue sensitivity for 50% to 150% of loading history. In the presented analysis a 100% loading history is selected.
For vibration analysis the main concerns are with the natural frequencies and mode shapes. Modal Analysis Method is used for evaluating the natural frequencies by using the spectrum analysis in term of Fourier transformation. 
Results and Discussions
The results of fatigue life (in cycles) for the three models are collected in table 7. The locations of minimum and maximum fatigue failure are shown in fig. 7 . As it can be seen from table 7; the worst case of fatigue life is observed at model 1 (i.e: for Deep torispherical heads) while the best is for Hemispherical heads model. Comparing the results show an increasing of about 180% in fatigue life. Inspections of figures 7 indicates that the failure initiates at the same location in all models while the maximum fatigue life has different locations in the vessels. For instant, the minimum value of fatigue life is more significant for failure since it refers to the initiation of damage.In fatigue analysis the safty factor is an impotant parameter to indicate design safty. It is found from fatigue analysis that the safty factor is identical for all models and it ranged from 2.19 to 5 as shown in fig. 8 . Inspection the figure shows that the minimum safty are at the welding joints espitialy at the manhole.
Figure 8: Fatigue safty factor
For vibration analysis case, the results of the lowest five modes of natural frequencies for the three models are given in table 8.A comparison between the three models indicates that the lowest four natural frequencies are nearly the same regardless the head type. On the contrary the fifth mode is significantly different and has minimum value for model 3 and maximum for model 2.(this behavior will be explained later). The mode shape deformations of five modes of model 1 are shown in figure 9 . In order to show the detailed deformations due to vibration a half section is chosen. It is important to mansion that in such complicated structures it is difficult to distingush between the lateral, transverse and circufrantal modes of vibration due the the large number of degree of freedom so mixed modes are appeared. As it can be obvious from the figures, the effect of vibration for the lowest four modes is not clear on the vessel body, It affects the internal components only such as internal pipes since they have the lowest stiffness. However when the natural frequncy increases at the fifth mode it alters the higher atiffness componants such as the vessel walls which are differents for the three models. This is the reason why the fifth natural frequency is highly related with vessel type since the structural stiffness is differed for the three models.
5.Conclusions
From the discussion of the results for fatigue and vibrations of the three models the following conclusions can be derived ; 1-Fatigue life (in cycles) can be increased as higher as 180% for hemi-spherical head as compared with deep torispherical head pressure vessel 2-The location of fatigue failure initiation is independent on the head types. 3-The lowest four natural frequencies are not affected by head types, However the fifth natural frequency is significantly altered. Elliptical head has the largest and hemi-spherical head has the smallest. 4-Although the choosing of head type is not critical in static design it can become significant for fatigue and vibration analysis. 
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